Introduction
Once organic chlorine (CCly) has reached the stratosphere in the form of halocarbons, it is converted by photolysis and reaction with radicals to inorganic chlorine (Cly). Most of the inorganic chlorine species thought to play an important role in the stratosphere have been detected (HC1, C1ONO2, HOC1, CIO, OCIO), and a few others (C12, C1, C1202, C1NO, C1NO2) occur at abundances too small to be observable with current techniques.
These compounds represent only a small subset of the many possible chlorine-containing compounds. In particular, higher oxides like C103, CIO 4, CI 2 ¸, C1207, and oxo acids like HC102, HC10 3, HC104 have been characterized in the laboratory environment (Greenwood and Earnshaw, 1985) , and their possible importance for stratospheric chemistry is still subject to speculation (Sander et al., 1989 (Sander et al., , 1995 . As most of the higher oxides of chlorine tend to be unstable, they could be present in the stratosphere only in small quantities, but may possibly play an important role in the loss of stratospheric ozone (Prasad and Lee, 1994) . On the other hand, if any oxo acid were to be formed under stratospheric conditions, it might be stable enough to constitute an important reservoir of chlorine.
In this paper, we first present evidence of a discrepancy in the chlorine budget as shown by MkIV balloon measurements in 1 California Institute of Technology. 2Now at Harvard University. The difference between C1 t and the sum Cly+CCly is shown in ATMOS A;FLAS-3 mission chlorine retrievals (Zander et al., 1996) and the other MklV balloon flights made in 1992 and 1993 do not extend to altitudes low enough to detect any discrepancy in the chlorine budget. In the following section, we will speculate that the missing chlorine suggested by the MkIV measurements is held in HC104, a species which could be produced on sulfate aerosols.
Perchloric Acid and Sulfate Aerosols
The possibility of HC104 formation in the stratosphere was first discussed by Simonaitis et al. (1975) (Francisco et al., 1995) , the value obtained for Henry's law would be much higher and a significant fraction of HC104 could be in the aerosol phase. Direct laboratory measurements would be necessary to settle this issue.
Model Description
We have implemented the simple HC104 chemistry outlined above (using the upper limit of 40% for HC10 4 yield from CIO uptake on sulfuric acid) in a photochemical box model (Allen and Delitsky, 1990). We have assumed HC104 to be released to the gas phase, where it is lost by reaction with OH and photolysis. Heterogeneous processes also included are hydrolysis of N205 and C1ONO2 (Hanson eta!., 1994) .
Given the large lifetime of HC104 (2-10 months in the lower stratosphere), we have performed our calculations for the 3 years 
Model Results / Discussion
The model results show that HC10 4 is produced in a layer between 16 and 22 km (Fig. 2) , where most of the aerosol surface area is contained and the temperatures are below 210 K. The altitude and magnitude of the peak depend on the assumption made for C10 reactivity on aerosols, as well as on the loss term. Introducing vertical eddy diffusion has the effect of smoothing this profile vertically (dashed line in Fig. 2) . A faster rate for HC104+OH would decrease the amplitude of the peak in HCIO 4. Figure 2 illustrates the fact that heterogeneous production of HC104 is a possible candidate to account for the missing chlorine inferred from the MklV measurements. Even though the sticking coefficient for CIO in reaction [3] is small, it could be very effective at producing HC104 because of the assumed slow gasphase loss of this species.
The impact of the rapid increase followed by a slow decrease of aerosol levels as caused by Mr. Pinatubo would be a delayed response of HC10 4 concentrations, as illustrated in Fig. 3 . The only time-varying input in our model calculation was the aerosol loading (Fig. 3a) . HClO4/Cly reaches a maximum of 35-45% 6 months after the peak in surface area, and then slowly decreases through photochemical loss HC1 follows the mirror image of HCIO 4, and is reduced by 45-35% below 18 km. To distinguish the effect of HC10 4 chemistry and the perturbation introduced by N20.5 and C1ONO 2 hydrolysis, we have represented a model calculation including only standard chemistry (dashed lines). The uptake of C10 on sulfate aerosols has little effect on the relative partitioning of other chlorine species: production of HC1 via reaction [4] is slow compared to the C1 + CH 4 reaction. HCIO 4 mainly acts as a temporary sink for inorganic chlorine thereby lowering the amount of Cly available for HC1 formation.
Interestingly, the increase in surface area results in a smaller and less prolonged increase in C10 when HC10 4 chemistry is included (Fig. 3d) . Thus, volcanic eruptions such as Mt. Pinatubo's may have the effect of temporarily reducing the available Cly for conversion to C10, thereby rendering ozone molecules less vulnerable to loss via chlorine catalytic cycles.
JAEGL• ET AL.' PERCHLORIC ACID IN THE STRATOSPHERE
We have attempted to detect HC10 4 in the stratosphere using the MkIV infra-red spectra, but the large abundance of N20 and H20 lines in the region where we would expect to see an absorption feature (Karelin et al., 1975) , and the lack of highresolution spectral information, have not allowed us to clearly prove or disprove the presence of HC10 4.
Implications / Conclusions
In situ measurements from the ER-2 aircraft of HC1 in the lower stratosphere made in 1992 and 1993 have revealed a serious discrepancy in our understanding of the partitioning of inorganic chlorine at mid-latitudes: 30-50% of the inorganic chlorine could not be accounted for by the sum of measured HCI, C10 and inferred steady-state C1ONO 2 (Webster et al., 1994) . These measurements were made in the northern hemisphere, in the presence of high aerosol loading resulting from Mr. Pinatubo's eruption, and, as evidenced in Fig. 2 In this paper, we have proposed that perchloric acid, given certain assumptions on its chemistry, might sequester an important fraction of the inorganic chlorine in the presence of high levels of sulfate aerosols. This hypothesis provides a qualitative explanation for the imbalance in the chlorine budget observed by the MkIV instrument, and might provide a possible explanation for the low HC1 aircraft measurements. More robust conclusions await laboratory determinations of the possible production and loss mechanisms outlined in this paper, as well as possible detection of the species in the stratosphere.
